(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office euro pee n des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
1 0.1 0.2001 Bu lletin 2001/41 

(21) Application number: 97915642.9 

(22) Date of filing: 21 .04.1 997 



(H) EP 0 842 592 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Int CI 7 : H05B 33/04 



(86) International application number: 
PCT/IB97/00421 

(87) International publication number: 

WO 97/46052 (04.12.1997 Gazette 1997/52) 



(54) ORGANIC ELECTROLUMINESCENT DEVICE 

ORGANISCHE ELEKTROLUMINESZENTE VORRICHTUNG 
DISPOSITIF ELECTROLUMINESCENT ORGANIQUE 



CD 

CNJ 

LO 
CM 

00 

o 

Q. 

UJ 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 28.05.1996 EP 96201466 

(43) Date of publication of application: 
,20.05.1998 Bulletin 1998/21 

(73) Proprietors: 

• Koninklijke Philips Electronics N.V. 
5621 BA Eindhoven (NL) 

• UNIAX CORPORATION 
Santa Barbara, CA 93117 (US) 

(72) Inventors: 

• VLEGGAAR, Jeroen, Johannes, Marinus 
NL-5656 AA Eindhoven (NL) 



• YANG, Yang 

NL-5656 AA Eindhoven (NL) 

• VAN MUNSTER, Marcus, Gerardus 
NL-5656 AA Eindhoven (NL) 

• PETERS, Petrus, Jacobus, Maria 
NL-5656 AA Eindhoven (NL) 

(74) Representative: Stolk, Steven Adolph 

INTERN ATIONAAL OCTROOIBUREAU B.V., 

Prof. Holstlaan 6 

5656 AA Eindhoven (NL) 



(56) References cited: 
US-A- 5 047 687 
US-A- 5 488 266 



US-A- 5 457 357 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 0 842 592 B1 



2 



Description 

[0001 ] The invention relates to an electroluminescent 
device comprising an electroluminescent element, 
which includes an electroluminescent organic layer, 
which contacts two electrodes, said electroluminescent 
element being enclosed in a housing. 
[0002] An electroluminescent (EL) device is a device 
which, while making use of the phenomenon of electro- 
luminescence, emits light when the device is suitably 
connected to a power supply. If the light emission orig- 
inates in an organic material, said device is referred to 
as an organic electroluminescent device. An organic EL 
device can be used, inter alia, as a thin light source hav- 
ing a large luminous surface area, such as a backlight 
for a liquid crystal display or a watch. An organic EL de- 
vice can also be used as a display if the EL device com- 
prises a number of EL elements, which may or may not 
be independently addressable. 
[0003] The use of organic layers as an EL layer in an 
EL element is known. Known organic layers generally 
comprise a conjugated, luminescent compound. Said 
compound may be a low-molecular dye, such as a cou- 
marin, or a high-molecular compound, such as a poly 
(phenylenevinylene). The EL element also comprises 
two electrodes, which are in contact with the organic lay- 
er. By applying a suitable voltage, the negative elec- 
trode, i.e. the cathode, will inject electrons and the pos- 
itive electrode, i.e. the anode, will inject holes. If the EL 
element is in the form of a stack of layers, at least one 
of the electrodes should be transparent to the light to be 
emitted. A known transparent electrode material for the 
anode is, for example, indium tin oxide (ITO). Known 
cathode materials are, inter alia, Al, Yb, Mg:Ag, Li:AI or 
Ca. Known anode materials are, in addition to ITO, for 
example, gold and platinum. If necessary, the EL ele- 
ment may comprise additional organic layers, for exam- 
ple, of an oxydiazole or a tertiary amine, which serve to 
improve the charge transport or the charge injection. 
[0004] In US 5,488,266 an electro-luminescence de- 
vice is described, which includes a laminate composed 
of a transparent substrate having successively laminat- 
ed thereon a transparent electrode, a luminous layer, a 
dielectric layer, and a back electrode, with a back pro- 
tective material being adhered to the back electrode 
through an adhesive resin film, wherein the back pro- 
tective material, is a moisture impermeable protective 
material. 

[0005] An EL device of the type mentioned in the 
opening paragraph is disclosed in a publication by Bur- 
rows et. al., published in Appl. Phys. Lett. 65 (23), 1994, 
2922. Said known device consists of an organic electro- 
luminescent element which is built up of a stack of an 
ITO layer, an EL layer of 8-hydroxyquinoline aluminium 
(Alq 3 ), a hole-transporting layer of N,N-diphenyl-N,N- 
bis(3-methylphenyl)1,1-biphenyl-4,4'diamine and an 
Mg:Ag layer, which is provided with a silver layer. Said 
EL element is surrounded by a housing _ consisting of 



a bottom plate and a top plate which are made of glass, 
said plates being interconnected by an epoxy-based ad- 
hesive for sealing. Said ITO layer also forms the elec- 
trical leadthrough for the anode; the Mg:Ag/Ag layers 

5 also form the electrical leadthrough for the cathode. 
Said leadthroughs are electrically insulated from each 
other by a layer of silicon nitride. The known device has 
disadvantages which render it unsuitable for use in du- 
rable consumer goods, such as a display or a backlight 

10 for a liquid crystal display or a watch. Already after sev- 
eral hours, a deterioration of the uniformity of the lumi- 
nous surface occurs which can be observed with the un- 
aided eye. Said deterioration, which also takes place 
when the EL device is not in operation, manifests itself, 

15 for example, by so-called "dark spots" which are formed 
so as to be dispersed over the entire luminous surface. 
Also the presence of the housing itself gives rise to deg- 
radation of the EL device. For example, the epoxy- 
based adhesive gives off substances which are detri- 

20 mental to the EL element. In addition, the manufacture 
of the EL device is time consuming. For example, the 
curing of a suitable epoxy-based adhesive takes 24 
hours. 

[0006] One of the objects of the invention is to over- 
25 come, or reduce, these disadvantages. The invention 
specifically aims at an EL device of which the uniformity 
of the luminous surface exhibits a deterioration in the 
- course of time which can hardly, if at ail, be observed 
with the unaided eye when said device is stored or op- 
30 erated under atmospheric conditions which may or may 
not be extreme. The invention particularly aims at pre- 
cluding "dark spots" caused by the action of air and wa- 
ter. A further object is to provide an EL device which is 
compact and robust under normal production and oper- 
as ating conditions, and which exhibits a satisfactory resist- 
ance to mechanical and varying thermal loads. In addi- 
tion, it should be possible to manufacture said EL device 
in a simple and cheap manner without the necessity of 
using, for example, expensive vacuum equipment for its 
40 manufacture. The housing should be such that neither 
its presence nor its manufacture give rise to degradation 
of the EL element. The performance of the EL element, 
for example measured in terms of luminance at a given 
voltage, should be comparable to corresponding ele- 
45 ments which are stored or operated in an inert atmos- 
phere. 

[0007] These objects are achieved by an EL device 
of the type mentioned in the opening paragraph, which 
is characterized in accordance with the invention in that 
so the housing comprises a low-melting metal or a low- 
melting metal alloy, while forming an airtight and water- 
proof housing. 

[0008] The use of a housing which is sealed by a low- 
melting metal or a lowmelting metal alloy, which is pro- 
55 vided from the melt or at a temperature near the melting 
point, enables an EL device to be obtained having a lu- 
minous surface whose uniformity exhibits no visible de- 
terioration when the device is stored for at least 650 
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hours or operated for at least 400 hours under atmos- 
pheric conditions. In particular "dark spots" visible with 
the unaided eye are not observed, not even under ex- 
treme conditions. For example, exposure to alternating 
hot and cold baths of hot water and icewater for several 
days does not adversely affect the uniformity of the lu- 
minous surface of the EL device, which also proves that 
the EL device has good resistance to mechanical and 
varying thermal loads. The thickness of the EL device 
typically is several millimetres and of the same order of 
magnitude as EL devices which are not provided with 
the housing in accordance with the invention. Said hous- 
ing can be manufactured in a few minutes, and sealing 
of said housing takes only approximately ten seconds. 
The manufacture of the housing does not require expen- 
sive vacuum equipment. It has been found that the per- 
formance of the device is comparable to that of EL ele- 
ments which are operated and stored in nitrogen. In a 
typical example, in which a poly(phenylenevinylene) 
was used as the EL material, the luminance was 200 
Cd/m 2 at 5.5 V and the EL efficiency was 1 .2%. 
[0009] Extensive experiments carried out by the in- 
ventors showed that the degree to which the housing 
should be airtight and waterproof must be such that or- 
ganic materials cannot be employed as barrier materials 
in the housing. Even epoxy-based adhesives and high- 
molecular, halogenated or non-halogenated hydrocar- 
bons, which are reputed to be the best barrier materials 
within the class of organic materials, are unsuitable. For 
example, apart from the worse barrier properties, the 
large difference between the coefficients of expansion 
of these materials and, for example, glass, and the re- 
sulting bonding problems proved to be disadvanta- 
geous. In addition, a conclusion which can be drawn 
from this is that the organic EL layer of the EL element 
must be screened completely by the housing. 
[001 0] The choice of the metal used to seal the hous- 
ing is limited, in accordance with the invention, by the 
melting point. It is essential that the metal or metal alloy 
used for sealing has a low melting point to preclude 
damage to the EL element when said metal or metal al- 
loy is processed from the melt. In this connection, a met- 
al or metal alloy is considered to have a low melting point 
if processing from the melt does not lead to thermal deg- 
radation of the organic EL layer. The permissible melting 
point can be higher as the spacing between the metal 
and the organic EL layer of the element is greater, or as 
the time during which the element is exposed to the el- 
evated temperature is shorter. If the intended applica- 
tion of the EL device does not require a compact hous- 
ing, use can even be made of a low-melting glass having 
a melting point, for example, of 400 °C. However, the 
melting point must not be so low that the metal melts 
under normal operating conditions of the EL device. 
[001 1 ] From the above, it can be concluded that a suit- 
able metal or metal alloy preferably has a melting point 
in the range between 80 °C and 250 °C. The metal is 
more widely applicable if the melting point ranges be- 



tween 90 °C and 1 75 °C, or better still, between 1 00 °C 
and 150 °C, the optimum melting point being approxi- 
mately 110 °C. 

[0012] A particular, preferred embodiment is charac- 
5 terized in accordance with the invention in that the metal 
alloy comprises an element selected from the group 
formed by In, Sn, Bi, Pb, Hg, Ga and Cd. Many types of 
low-melting metal alloys are commercially available at 
a low price. The majority of the commercially available 
10 alloys comprise an element of the above group. Apart 
from a broad spectrum of melting points, said metals al- 
so offer a broad spectrum of other properties which are 
important for the housing, such as sensitivity to oxida- 
tion, adhesion to materials to be combined, such as 
15 glasses and indium tin oxides, coefficient of thermal ex- 
pansion, ductility, dimensional stability, degree of 
shrinkage upon solidification and wetting. In. applica- 
tions in which toxicity is an important factor, alloys con- 
taining Hg or Cd, such as Sn (50 wt.%) Pb (32 wt.%) Cd 

20 (1 8 wt.%) are not to be preferred. If a somewhat flexible 
EL device is necessary, it is advantageous to use a duc- 
tile low-melting metal, such as indium (melting point 157 
°C) or Sn(35.7 wt. %) - Bi(35.7 wt.%) - Pb(28.6 wt.%), 
which has a melting point of 1 00 °C. To minimize stress- 
es es caused by solidification, a metal which, upon solidi- 
fication, does not form crystalline domains and exhibits 
little shrinkage, such as Bi(58 wt. %) - Sn(42 wt.%), melt- 
ing point 138 °C, is to be preferred. 
[0013] Sealing of the housing by means of a low-melt- 

30 ing metal or a low-melting alloy proves to be surprisingly 
simple. Methods which are known perse and which are 
suitable for mass manufacture and for large surfaces, 
prove to be suitable. Suitable methods are, inter alia, 
thermocompression, soldering, spray coating, or if local 

35 heating is desirable, melting by means of, for example, 
a laser. Particularly suitable methods are foil melting, 
dip coating or drop casting. These methods have in 
common that the metal is processed from the melt. As 
a result, these techniques do not require expensive vac- 

40 uum equipment and, in addition, enable relatively thick 
layers, typically, of hundred micrometers to be formed 
in a short period of time, typically, approximately ten sec- 
onds. To obtain an airtight and waterproof seal, it is im- 
portant that the metal can be provided from the melt in 

45 a sufficiently large thickness. A suitable layer has a 
thickness in excess of one micrometer, for example ap- 
proximately ten micrometers, or better still, several hun- 
dred micrometers. As regards other properties, such as 
flexibility, it is advantageous to use a smaller layer thick- 

so ness of 1 to 10 micrometers. 

[0014] A particular embodiment in accordance with 
the invention is characterized in that the low-melting 
metal or the low-melting alloy is provided with a bonding 
layer. The resistance to mechanical and varying thermal 

55 loads can be improved further if the device is provided 
with a bonding layer before the metal is applied. A fur- 
ther advantage of the use of a bonding layer is that the 
metal can be provided in accordance with a pattern 
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while using differences in wettability. In this manner, a 
patterned, low-melting metal layer can be formed by 
means of dip coating. In addition, the bonding layer 
serves as a barrier to any diffusion of atoms from the 
low-melting metal towards the EL element. s 
[0015] The bonding layer can be provided, for exam- 
ple, by electroless deposition of silver and/or a nickel 
phosphor. A particularly suitable bonding layer is ob- 
tained by screen printing of a solderable, silver-contain- 
ing glass paste. In this manner, the bonding layer, hav- 10 
ing a thickness of typically several tens of micrometers, 
can be provided in accordance with a pattern and in a 
short period of time without the use of vacuum equip- 
ment. If necessary, suitable bonding layers, containing, 
for example, Ag, Ni, Cr, Cu or Pt, can alternatively be is 
provided by vapor deposition or sputtering, whether or 
not by simultaneously or successively using different 
sources. A stack of bonding layers can also be obtained 
in said manner. Particularly Cr/Ni, Cr/Ni/Ag, Pt/Ag and 
Pt/Cu stacks can suitably be used as a bonding layer 20 
between the EL element and the low-melting metal. Va- 
por-deposited or sputtered layers on the basis of Ni, Ni/ 
Cu, Ni/Ag f Cr/Ni, Cr/Ni/Ag and Pt/Ag can suitably be 
used as the bonding layer between glass and the low- 
melting metal. V orTi can be used instead of Cr Bonding 25 
layers thus provided typically have a layer thickness of 
100 to 500 nm. 

[0016] A further preferred embodiment of the inven- 
tion is characterized in that the housing comprises an 
electrical leadth rough which is at least partly enclosed 30 
in a low-melting glass. To apply a voltage across the 
electrodes of the EL element, the housing must be pro- 
vided with at least two electrical leadthroughs. To pre- 
clude a short-circuit, said leadthroughs must be electri- 
cally insulated from other parts of the housing and, in 35 
particular, from each other. For this purpose, use can be 
made of airtight and waterproof insulators such as sili- 
con nitride and silicon oxide, which are known per se. 
[0017] Preferably, however, a low-melting glass is 
used as the insulator. The expression "low-melting *o 
glass" is to be understood to mean herein a glass having 
a melting point which is so low that, if said glass is proc- 
essed from the melt, it does not adversely affect the op- 
eration of the EL device. This means that, given the ther- 
mal resistance of the organic EL layer, the low-melting 
glass can only be provided when the organic EL layer 
does not yet form part of the EL device in process of 
-formation. It has been found that low-melting glasses 
provided on an ITO layer do not adversely affect the 
properties of said ITO layer. so 
[0018] Many variants of low-melting glasses having 
minimum melting points of approximately 350 °C are 
commercially available. Suitable glasses are, for exam- 
ple, lead-borate glasses filled with ceramic materials. 
The low-melting glass layer can be provided, whether 55 
or not in accordance with a pattern, by means of meth- 
ods which are known perse, such as screen printing. In 
these methods, glass powder is formulated so as to form 



a paste which is provided on the substrate, whereafter 
said paste is sintered in a furnace, thereby forming the 
electrically insulated, airtight and waterproof glass. 
[0019] Various variants of the housing are possible. 
In a first variant, the EL element is surrounded by two 
shaped parts, for example two glass plates, which are 
interconnected by means of a closed ring of a low-melt- 
ing metal or metal alloy. The specific shape of the parts 
determines how many of such rings are necessary to 
seal the housing. For example, to seal a disc-shaped 
dial plate of a watch, which is provided with a duct for 
interconnecting the dials and the drive mechanism, two 
such rings are necessary. 

[0020] A second variant uses one shaped part on 
which the EL element is positioned and which serves as 
the substrate. The housing is sealed by providing the 
entire EL element, as well as the regions of the shaped 
part adjoining the EL element, with a coating of a low- 
melting metal or alloy. Unlike the first variant, the pres- 
ence of a cavity between the metal and the EL element 
will be avoided by providing the metal in liquid form. As, 
in the last-mentioned variant, the molten metal directly 
contacts the EL element, it is essential to use a low-melt- 
ing metal. 

[0021] Said shaped parts can be manufactured from 
airtight and waterproof materials which are known per 
se. Suitable materials are, for example, high-melting 
metals, metal alloys or glass. As regards the light emis- 
sion, it is advantageous to manufacture one of the 
shaped parts from a material which is transparent to the 
light to be emitted. Moreover, to save space, it is advan- 
tageous to use this shaped part as the substrate for the 
EL element. 

[0022] Electrical leadthroughs can be realized in 
many ways. For example, an electrically conducting, 
transparent shaped part, such as a glass plate provided 
with a layer of ITO, can be used as an electrical 
leadthrough, while an electrically insulating, transparent 
shaped part is suitable to realize patterned or independ- 
ently addressable lead-throughs and electrodes. A 
housing which is simple in terms of construction can be 
obtained by using the low-melting metal or metal alloy 
as the electrical leadthrough. An electrical leadthrough 
can also be provided in an insulating shaped part in a 
simple manner. 

[0023] A particular embodiment in accordance with 
the invention is characterized in that the organic layer 
comprises an electroluminescent polymer. Electrolumi- 
nescent polymers are suitable EL materials. They have 
good luminescent properties, a good conductivity and 
good film-forming properties. If use is made of simple 
techniques, such as spin coating, EL layers having a 
large surface area can be manufactured by means of 
these materials. Suitable polymers generally have a 
conjugated "backbone", such as soluble polyphe- 
nylenephenylenevinylenes, soluble poly-thiophenes 
and soluble poly-phenylenes. Poly-phenylenevinylenes 
are very suitable EL materials. By means of substitution, 
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in particular, In the 2- and 5-positions of the phenyl ring, 
the emission spectrum can be varied and readily soluble 
and processable variants can be obtained. In addition, 
said polymers are generally readily processable and 
yield amorphous layers. Polymers which are particularly 
suitable are 2,5 alkyl- and alkoxy-substituted poly-phe- 
nylenevinylenes. 

Examples of particularly suitable poly-phenylenevin- 
ylenes are: 

poly(2-methyl-5-(n-dodecyl)-p-phenylenevinylene) 
poly(2-methyl-5-(3,7-dimethyloctyl)-p-phenylenev- 
inylene) 

poly(2-methyl-5-(4,6,6-trimethylheptyl)-p-phenyle- 
nevinylene) poly(2-methoxy-5-decyloxy-p-phe- 
nylenevinylene) 

poly(2-methoxy-5-(2-ethylhexyloxy)-p-phenyle- 
nevinylene) (MEH-PPV). 

[0024] The combination of the housing in accordance 
with the invention and an EL element whose organic EL 
layer comprises a 2,5-substituted poly(phenylenevi- 
nylene) is particularly advantageous, as experiments 
carried out by the inventors have shown that many poly 
(phenylenevinylene) variants already show degradation 
if they are exposed to temperatures of 80 to 1 00 °C for 
a long period of time. 

[0025] These and other aspects of the invention will 
be apparent from and elucidated with reference to the 
embodiments described hereinafter. 
[0026] In the drawings: 

Fig. 1 is a schematic, cross -sectional view of an em- 
bodiment of the EL device in accordance with the 
invention, 

Fig. 2 is a schematic, cross-sectional view of a sec- 
ond embodiment of the EL device in accordance 
with the invention, 

Fig. 3 is a schematic, plan view of a third embodi- 
ment of the EL device in accordance with the inven- 
tion, 

Fig. 4 is a schematic, cross-sectional view taken on 
the line l-l of the third embodiment of the EL device 
in accordance with the invention, and 
Fig. 5 is a schematic, cross-sectional view of a 
fourth embodiment of the EL device in accordance 
with the invention. 

Exemplary embodiment 1 . 

[0027] Fig. 1 shows, in cross-section and not to scale, 
an EL device 1 " in accordance with the invention. Said 
EL device comprises an EL element 2 which is com- 
posed of a positive, transparent electrode 3 which is en- 
tirely covered by an electroluminescent organic layer 4 
which carries a negative electrode 5. Said EL element 
is enclosed in an airtight and waterproof housing 6. Said 
housing comprises a shaped part 7 of a transparent, 



electrically insulating material, which serves as the sub- 
strate for the EL element. The housing is sealed by a 
coating layer 8 of a low-melting metal alloy, which covers 
the entire EL element as well as regions of the shaped 
5 part 7 which adjoin the EL element. The coating layer 8 
serves as an electrical connection for the negative elec- 
trode 5. Said coating layer 8 is provided with an electri- 
cally conducting bonding layer 9. The shaped part 7 is 
provided with an electrical leadthrough 1 0, which is con- 
io nected to the positive electrode 3. The leadthrough 10 
is surrounded by a bonding layer 1 1 . 
[0028] The EL device 1 can be manufactured as fol- 
lows. In a nitrogen atmosphere, an aperture is formed 
in a glass plate, having dimensions of 2 cm by 1 .5 cm 
15 and a thickness of 1 mm, which is provided with an 150 
nm thick positive electrode 3 of indium tin oxide (supplier 
Balzers) by locally sandblasting a location where there 
is ITO. The walls of the aperture are coated with a silver- 
containing glass paste by means of a cotton bud, said 
paste being prepared by mixing 75 parts by weight of a 
mixture consisting of 8 wt.% lead -bo rate glass powder 
and 92 wt.% silver powder with 25 parts by weight of a 
mixture consisting of 50 wt. % alpha-terpineol and 50 
wt.% ethylcellulose by means of a three-way roller. The 
glass paste is cured in a furnace at 450 °C for 30 min- 
utes, thereby forming the bonding layer 11 . The thick- 
ness of said bonding layer is approximately 30 microm- 
eters. Subsequently, the aperture is filled with molten 
eutectic PbSn solder, which solidifies after cooling, 
thereby forming the electrical lead-through 10. Subse- 
quently, the surfaces are cleaned by means of, respec- 
tively, soap, water and isopropanol. An approximately 
150 nm thick organic EL layer 4 is provided by spin coat- 
ing from an 0.6 wt.% solution of poly[2-methoxy-5- 
(2,7-dimethyloctyloxy)-1 ,4-phenylenevinylene], synthe- 
sized in accordance with the method described in Braun 
et. al. ( Synth. Met., 66 (1994), 75, in toluene. The EL 
material is removed along the edges by means of a cot- 
ton bud and/or a knife. Yb is vacuum deposited, via a 
mask, thereby forming a 200 nm thick negative elec- 
trode 5. An approximately 200 nm thick layer of nickel 
and a 200 nm thick layer of silver are successively pro- 
vided by means of magnetron sputtering and vapor dep- 
osition, respectively, thereby forming the bonding layer 
9. A 200 micrometer thick foil of Sn(50 wt.%)Pb(32 wt. 
%)Cd(18 wt.%) (supplier Witmetaal b.v.) having a melt- 
ing point of 145 °C is applied to the bonding layer, the 
oxide skin of said foil being removed by scouring. The 
whole is placed on a hot plate of 1 55 °C, so that the alloy 
melts and, after cooling, the coating layer 8 is obtained. 
[0029] An EL device thus formed is immersed, in am- 
bient conditions, in a water bath of 80 °C for approxi- 
mately 1 0 seconds and, immediately afterwards, it is im- 
mersed in an ice bath for approximately 10 seconds. 
This procedure is repeated for 48 hours. After drying, a 
voltage of 6 V is applied to the electrodes 3 and 5, via 
leadthrough 1 0 and coating 8, so that the device emits 
orange light. The luminous surface does not exhibit 
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"dark spots". The uniformity of the luminous surface is 
visibly equal to that of a control EL device without a 
housing, which is manufactured, and directly measured, 
in a nitrogen atmosphere. 

[0030] Another EL device which is manufactured in 
this manner is subjected to a life test. In this test, the 
device is continuously operated for 400 hours under at- 
mospheric conditions at a constant current density of 1 5 
mA/cm 2 . The voltage necessary to attain a current den- 
sity of 1 5 mA/cm 2 remains constant for 400 hours, which 
means that the resistance of the EL element does not 
change in time. The luminance, which is determined by 
means of a photodiode and a Keithley 617 electrometer 
initially amounts to 200 Cd/m 2 and decreases to 60 Cd/ 
m 2 after 400 hours. The uniformity of the luminous sur- 
face, however, remains constant. The luminance de- 
creases uniformly over the entire luminous surface. 
Even after 400 hours, not a single "dark spot" is ob- 
served. The EL efficiency of the EL device, which is de- 
termined in a calibrated "integrating sphere", initially 
amounts to 1 .2% and decreases at the same rate as the 
luminance. 

[0031] For comparison, a few similar EL devices are 
manufactured, in which the coating 8 and the bonding 
layer 9 are replaced by a layer of an epoxy adhesive. 
Dependent upon the type of epoxy and the manner of 
processing, the service life of the EL device is only sev- 
eral hours and "dark spots" are observed after a short 
time already. 

[0032] Another EL device thus manufactured is sub- 
jected to a "shelf life" test. In this test, the EL device is 
stored under ambient conditions and the luminance and 
the current are measured at regular intervals at a volt- 
age of 6 V. During at least 660 hours, the current remains 
substantially constant and amounts to 0.028 A, whereas 
the luminance decreases from 130 to 115 Cd/m 2 . Also 
in this case, the uniformity of the luminous surface is 
unchanged. The decrease in luminance takes place uni- 
formly over the entire surface area. Also after 650 hours, 
the surface is still free of "dark spots". 
[0033] Comparable results are achieved with EL de- 
vices in which the coating 8 consists of the low-shrink- 
age Bi(58 wt.%)Sn(42 wt.%) (supplier Arconium) or the 
ductile Sn(35,7wt.%)Bi(35.7 wt.%)Pb(28.6 wt.%) (sup- 
plier Arconium) or indium. 

[0034] Comparable results were achieved if the coat- 
ing 8 was provided by dip coating in the following man- 
ner. Afterthe provision of the bonding layer 9, the device 
is pre-heated on a hot plate of 155 °C and immersed for 
10 seconds in a bath which is heated to 155 °C and 
which is filled with molten Sn(50 wt.%)Pb(32 wt.%)Cd 
(1 8 wt.%) (supplier Witmetaal B.V.). After removal from 
the bath and cooling, the housing is sealed by a 150 
micrometer thick coating of said alloy. 
[0035] Comparable results are also achieved if the or- 
ganic layer comprises poly(2-methoxy-5-(2-ethylhexy- 
loxy)-p-phenylenevinylene) (MEH-PPV) and if calcium 
is used for the negative electrode. 



Exemplary embodiment 2 

[0036] Fig. 2 shows, in cross-section and not to scale, 
an EL device 21 in accordance with the invention. Said 
5 device is very similar to the EL device 1 . However, in 
this case, the housing 26 comprises a shaped part 32 
instead of the coating 8, which shaped part is connected 
by means of a closed ring of a low-melting metal alloy 
28 to the shaped part 7 so as to enclose a hollow space 

10 34. Between the ring 28 and the shaped part 7 there is 
the ring-shaped, electrically conducting bonding layer 
29, and between the ring 28 and the shaped part 32 
there is an additional bonding layer 33. Said ring28 elec- 
trically contacts the electrode 5, electrically feeding this 

15 electrode. 

[0037] The EL device 21 can be manufactured as fol- 
lows. The method described in exemplary embodiment 
1 is repeated up to and including the provision of the 
bonding layer 29, with this difference that the provision 

20 of the bonding layer 29 takes place via a mask, which 
covers the edges of the device so as to provide also a 
part of the electrode 5 with a bonding layer. Subsequent- 
ly, the device is provided on all sides with a ring-shaped 
layer of Sn(50 wt.%)Pb(32 wt.%)Cd(1 8 wt.%) by means 

25 of dip coating in the manner described hereinabove, 
which layer will form a part of the closed ring 28. Due to 
differences in wettability between the bonding layer and 
the other parts of the surface, metal is deposited only 
on the bonding layer. Subsequently, a 1 mm thick glass 

30 plate 32 is provided with a correspondingly patterned 
bonding layer 33. Said bonding layer 33 is provided with 
a ring-shaped layer of Sn(50 wt.%)Pb(32 wt,%)Cd(18 
wt.%) by means of dip coating, which layer will form a 
second part of the closed ring 28. Both parts are subse- 
ts quently placed on a hot plate of 1 55 °C, thereby causing 
the ring-shaped layers to melt. Next, the parts are pro- 
vided on top of each other in such a manner that the 
ring-shaped layers fuse together so as to form one 
closed ring 28 . Subsequently, the metal is allowed to so- . 

40 lidify. As the entire process is carried out in nitrogen, the 
space 34 is filled with nitrogen. 

Exemplary embodiment 3 

45 [0038] Fig. 3 is a plan view, not to scale, and Fig. 4 is 
a sectional view taken on the line l-l, not to scale, of an 
EL device 41 in accordance with the invention. Said EL 
device 41 is equal to device 1 , with this difference that 
in the housing 46, the electrical leadthrough 10 is re- 

50 placed by the electrical leadthrough 50 which electrically 
feeds the positive electrode 43 of the EL element 42, 
which element also comprises the organic EL layer 44 
and the negative electrode 45. The electrical 
leadthrough 50 and the electrode 43 are formed from 

55 the same layer. The coating 48 of a low-melting metal 
is provided with a bonding layer 49 and separated from 
the electrical leadthrough 50 by the electrically insulat- 
ing layer 51 . 
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[0039] The EL device 41 can be manufactured as fol- 
lows. A glass plate 7 which is covered with a 150 nm 
thick layer of ITO (supplier Balzers) (43,50) is cleaned, 
in succession, with soap, water and isopropanol. A lead- 
borate glass paste filled with ceramic materials (type 
LS0206™, supplier Nippon Electric Glass Co. Ltd.) is 
screen printed onto the electrical leadthrough 50. After 
drying at 120 °C in air for 15 minutes, the temperature 
is slowly increased to 450 °C, and a sintering process 
is carried out for 1 0 minutes thereby forming the airtight 
and waterproof electrical insulating layer 51 . The EL de- 
vice is completed by successively providing the EL layer 
44, the negative electrode 45, the bonding layer 49 and 
the coating 48, as described in exemplary embodiment 
1. 

Exemplary embodiment 4 



%)Sn(42 wt.%), Sn(35.7 wt.%)Bi(35.7 wt.%):Pb 
(28.6 wt.%). 

5. An electroluminescent device as claimed in Claim 
5 1 , characterized in that the low-melting metal or 

the low-melting alloy is provided with a bonding lay- 
er. 

6. An electroluminescent device as claimed in Claim 
10 1 , characterized in that the housing comprises an 

electrical leadthrough which is at least partly en- 
closed in a low-melting glass. 

7. An electroluminescent device as claimed in any one 
15 of the preceding Claims, characterized in that the 

organic layer comprises an electroluminescent pol- 
ymer. 



[0040] Fig. 5 shows in cross-section and not to scale, 
an EL device 61 in accordance with the invention. Said 
device 61 is very similar to the EL device 41 , with this 
difference that in the housing 66, the bonding layer 49 
is replaced by the ring-shaped bonding layer 69 and the 
coating 48 is replaced by the ring of a low-melting metal 
68, the shaped part 72 and the ring-shaped bonding lay- 
er 73, thereby enclosing the hollow space 76. The de- 
vice further comprises an electrical leadthrough 74, 
which is electrically insulated from the closed ring 68 by 
the layer of a low-melting glass 75. 



Claims 

1. An electroluminescent device comprising an elec- 
troluminescent element, which includes an electro- 
luminescent organic layer, which contacts two elec- 
trodes, said electroluminescent element being en- 
closed in a housing, characterized in that the 
housing comprises a low-melting metal or a low- 
melting metal alloy, while forming an airtight and 
waterproof housing, where a metal or metal alloy is 
considered to have a low melting point if processing 
from the melt does not lead to thermal degradation 
of the organic electroluminescent layer. 

2. An electroluminescent device as claimed in Claim 

1 , characterized In that the metal orthe metal alloy 
has a melting point below 250 °C. 

3. An electroluminescent device as claimed in Claim 

2, characterized in that the metal alloy comprises 
an element selected from the group formed by In, 
Sn, Bi, Pb, Hg, Ga and Cd. 

4. An electroluminescent device as claimed in Claim 

3, characterized in that the metal used is indium 
or the metal alloy is selected from the group formed 
by Sn(50 wt%)Pb(32 wt.%)Cd(18 wt.%), Bi(58 wt. 



8. An electroluminescent device as claimed in Claim 
20 7, characterized in that the organic layer compris- 
es a poly-(phenylenevinylene). 



PatentansprQche 

1 . Elektrblumineszierende Anordnung mit einem elek- 
trolumineszierenden Element, das eine elektrolu- 
mineszierende organische Schicht aufweist, die 
zwei Elektroden kontaktiert, wobei das genannte 

30 elektrolumineszierende Element in einem Gehause 
eingeschlossen ist, dadurch gekennzeichnet, 
dass das Gehause ein niedrig schmelzendes Me- 
tall oder eine niedrig schmelzende Metal I leg ie rung 
aufweist, wan rend ein luftdichtes und wasserfestes 

35 Gehause gebildet wird, wobei ein Metall oder eine 
Metalllegierung einen niedrigen Schmelzpunkt ha- 
ben soil, wenn die Verarbeitung aus der Schmelze 
nicht zu einerthermischen Degradation der organi- 
schen elektrolumineszierenden Schicht fuhrt. 

40 

2. Elektrolumineszierende Anordnung nach Anspruch 

1 , dadurch gekennzeichnet, dass das Metall oder 
die Metalllegierung einen Schmelzpunkt unterhalb 
250°C hat. 

45 

3. Elektrolumineszierende Anordnung nach Anspruch 

2, dadurch gekennzeichnet, dass die Metalllegie- 
rung.ein Element aufweist, selektiert aus der Grup- 
pe, die durch In, Sn, Bi, Pb, Hg, Ga und Cd gebildet 

so wird. 

4. Elektrolumineszierende Anordnung nach Anspruch 

3, dadurch gekennzeichnet, dass das verwende- 
te Metall Indium ist oder die Metalllegierung selek- 

55 tiert ist aus der Gruppe, die durch Sn(50 Gew.%)Pb 
(32 Gew,%)Cd(18 Gew.%), Bi(58 Gew.%)Sn(42 
Gew%), Sn(35,7 Gew.%)Bi(35,7 Gew.%)Pb(28,6 
Gew.%) gebildet wird. 
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5. Elektrolumineszierende Anordnung nach Anspruch 
1, dadurch gekennzeichnet, dass das niedrig 
schmelzende Metall oder die niedrig schmelzende 
Metal llegierung mit einer Haftschicht versehen ist. 

6. Elektrolumineszierende Anordnung nach Anspruch 
1, dadurch gekennzeichnet, dass das Gehause 
eine elektrische Durchfuhrung aufweist, die wenig- 
stensteilweise in einem niedrig schmelzenden Glas 
eingesch lessen ist. 

7. Elektrolumineszierende Anordnung nach einem der 
vorstehenden Anspruche, dadurch gekennzeich- 
net, dass die organische Schicht ein elektrolumi- 
neszierendes Polymer aufweist. 

8. Elektrolumineszierende Anordnung nach Anspruch 
7, dadurch gekennzeichnet, dass die organische 
Schicht ein Pofy-(Phenylenvinylen) aufweist. 



Revendications 

1. Dispositif Electroluminescent comprenant un Ele- 
ment electroluminescent, qui comprend une cou- 
che organique Electroluminescente, qui met en 
contact deux electrodes, ledit element Electrolumi- 
nescent Etant enserrE dans un boTtier, caracterise 
en ce que le boTtier comprend un metal a faible 
point de fusion ou un alliage metallique a faible point 
de fusion, tout en formant un boTtier Etanche a I'air 
et impermeable a I'eau, ou un mEtal ou un alliage 
metallique est considere comme ayant un point de 
fusion bas si un traitement a partir de la masse en 
fusion ne mEne pas a une dEgradation thermique 
de la couche Electroluminescente organique. 



6. Dispositif Electroluminescent selon la revendication 
1 , caracterise en ce que le boTtier comprend un 
passage Electrique qui est au moins partiellement 
enserrE dans un verre a faible point de fusion. 

5 

7. Dispositif Electroluminescent selon Tune quelcon- 
que des revendications prEcEdentes, caracterise 
en.ee que la couche organique comprend un poly- 
mere Electroluminescent. 

w 

8. Dispositif Electroluminescent selon la revendication 
7, caracterise en ce que la couche organique com- 
prend un poly(phEnylEnevinylEne). 



2. Dispositif Electroluminescent selon la revendication 

1 , caracterise en ce que le mEtal ou i'alliage me- 
tallique a un point de fusion infErieur a 250°C. *o 

3. Dispositif Electroluminescent selon la revendication 

2, caracterise en ce que I'alliage mEtallique com- 
prend un ElEment choisi dans le groupe formE par 

In, Sn, Bi, Pb, Hg, Ga et Cd. 45 

4. Dispositif Electroluminescent selon la revendication 

3 ,. ca racterise en ce que le mEtal utilisE est de Tin- . 
dium ou I'alliage mEtallique est choisi dans le grou- 
pe formE par Sn (50% en poids) Pb (32% en poids) 50 
Cd (18% en poids), Bi (58% en poids) Sn (42% en 
poids), Sn (35,7% en poids) Bi (35,7 % en poids): 
Pb (28,6% en poids). 

5. Dispositif Electroluminescent selon la revendication 55 
1 , caracterise en ce que le metal a faible de point 

de fusion ou I'alliage a faible de point de fusion est 
pourvu d'une couche de liaison. 
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